Small stellar systems like dwarf galaxies are suggested to be the main building blocks of our Galaxy by numerical simulations 1 in Lambda CDM models. The existence of star streams like Sagittarius tidal stream 2 indicates that dwarf galaxies play a role in the formation of the Milky Way. However, it is unclear how many and what kind of stars in our Galaxy are originated from satellite dwarf galaxies, which could be constrained by chemical abundances of metal-poor stars. Here we report on the discovery of a metal-poor star with an extreme r-process enhancement and α-element deficiency. In this star, the abundance ratio of the
r-process element Eu with respect to Fe is more than one order of magnitude higher than the Sun and the metallicity is 1/20 of the solar one. Such kind of stars have been found in present-day dwarf galaxies, providing the clearest chemical signature of past accretion events. The long timescale of chemical evolution of the host dwarf galaxy expected from the abundance of α element with respect to Fe suggests that the accretion occurred in a relatively late phase compared to most of the accretions that formed the bulk of the Milky Way halo.
Chemical abundance ratios of stars reflect the contributions of nucleosynthesis by earlier generation stars that have provided the products through stellar mass-loss and supernova explo- 5, 6 , implying that the chemical enrichment history is different from that for the bulk of halo stars (see Figure 1a ).
Many of metal-poor stars with low [Mg/Fe] have been found in dwarf galaxies around the Milky Way 7 . Figure 2a shows the Mg abundance distribution of Fornax, Sculptor, Draco, Carina and Sextans dwarf galaxies, in comparison with those of Galactic halo stars. These dwarf galaxies are called classical dwarf galaxies and have luminosity larger than 10 5 solar luminosity, whereas galaxies having smaller luminosity are called ultra-faint dwarf galaxies. While all of these classical dwarf galaxies possess Mg-enhanced stellar population similar to stars in the Galactic halo in Figure 1a ). This significant departure from the general Mg enhancement trend of the Galactic metal-poor stars implies J1124+4535 is formed in a separate system with relatively low star formation rate (SFR) such as dwarf galaxies.
A more remarkable feature of J1124+4535 is the extreme enhancement of r-process elements. Figure 1d , the abundances of heavy neutron-capture elements of J1124+4535 are in agreement with the scaled solar-system r-process pattern 15 , consistent with the heavy neutron-capture element (Z ≥ 56) abundance pattern of r-process enhanced stars in the halo and dwarf galaxies 16 . Most of r-II stars 16 (r-process-enhanced stars with [Eu/Fe]>+1) are found in the Galactic halo at extremely low metallicity ([Fe/H]<−2.5), and the fraction is quite low: less than 5% stars in this metallicity range 16 . These extremely metal-poor stars would be formed from gas clouds that were affected by events that yielded large amount of r-process elements (most likely mergers of binary neutron stars). J1124+4535 is a unique object that shows large enhancement of r-process elements like r-II stars but is just moderately metal-poor. Such large excesses of r-process elements are not expected in stars with higher metallicity (moderately metal-poor stars), because the chemical composition of these stars are usually determined by contributions of a large number of nucleosynthesis events until the stars were formed, and any single event could not significantly change the abundance ratios. Only a few of such moderately metal-poor r-II stars have been found in the Galactic halo (HD 222925 and J1802-4404) 17, 18 and bulge 19 . J1124+4535 is unique among them for being deficient in α-elements.
Interestingly, however, such moderately metal-poor stars with large enhancement of r-process elements are found in dwarf galaxies around the Milky Way (see Figure 2b ). by weak r-process 21 . The overall abundance pattern of J1124+4535 suggests it has been formed in a dwarf galaxy similar to UMi. This star would provide the strongest evidence for accretion of dwarf spheroidal (dSph) galaxies from stellar chemical composition obtained so far.
The recent discovery of the r-process-enhancement in extremely metal-poor stars in the ultrafaint dwarf galaxy Reticulum II 22 suggests that r-II stars in the Galactic halo are formed in small stellar systems affected by an r-process event. Recent chemical evolution models for dwarf galaxies support this interpretation 23 . the r-process event is assumed, the gas cloud of the progenitor of J1124+4535, as well as moderately metal-poor stars with r-process excess in dwarf galaxies, should be as small as 10 5 M ⊙ . It would be a challenge to model efficient capture of the energetic ejecta from NSM in such low-mass gas clouds. It is noted that the amount of Eu in Ret II could also be explained by magnetorotationally driven supernovae (also called as Jet-SN) 25 . These particular supernovae synthesize large quantities of r-process material that are similar to the r-process yields of NSM, resulting in the difficulty in distinguishing these two sites based on the current data 22 . An alternative possibility is that the progenitor dwarf galaxy of J1124+4535, as well as Ursa Minor dwarf galaxy that includes COS 82, has been enriched by more than one r-process event. In that case, however, there is a difficulty in explaining the fact that only a small number of stars are exceptionally enhanced in r-process elements.
Similar estimations on ejecta and gas cloud masses (10 3 to 10 by Gaia DR2 31 is large (relative error of 40%), we derived a surface gravity of log g = 2.4 based on the Gaia data 32 .
This log g is not inconsistent with the adopted value log g = 2. 35 . The average non-LTE correction of −0.41 dex for Na I abundance is included in the value presented in Table 1 . The average non-LTE corrections for Mg I and Fe I lines are 0.03 dex and 0.06 dex, respectively. Since these two corrections are smaller than the errors in the derived abundances, we adopted the LTE abundances for Mg I and Fe I.
Kinematic and orbital parameters. The Galactic velocity components (U,V,W), the pericentric radius (r peri ), apocentric radius (r apo ), maximum height above the Galactic midplane (Z max ) and eccentricity (e) of the orbit of J1124+4535
are calculated from measurements of the heliocentric radial velocity, proper motion and distance 36 . The proper motion and distance are adopted from literatures based on Gaia DR2 31, 32 . Adopting MWPotential2014 from galpy 37 as the gravitational potential of the Milky Way, the orbital parameters of this object are estimated to be e = 0.58, r peri = 3.46
kpc, r apo = 12.85 kpc, and Z max = 12.4 kpc. Supplementary Figure 2 shows the Toomre diagram for J1124+4535, thick-disk and halo stars 36 . The kinematics of J1124+4535 is not inconsistent with the hypothesis that this star was accreted from a satellite dwarf galaxy, but the uncertainty is too large to derive any clear conclusion.
